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UV Dust Attenuation in Star-forming Galaxies: II 
Calibrating the A{UV) vs. Ltir/Ljjv relation 
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ABSTRACT 

We investigate the dependence of the total-infrared (TIR) to UV himinosity ratio 
method for calculating the UV dust attenuation A{UV) from the age of the underlying 
stellar populations by using a library of spectral energy distributions for galaxies with 
different star formation histories. Our analysis confirms that the TIR/UV vs. A{UV) 
relation varies significantly with the age of the underlying stellar population: i.e. for 
the same TIR/UV ratio, systems with low specific star formation rate (SSFR) suffer a 
lower UV attenuation than starbursts. Using a sample of nearby field and cluster spiral 
galaxies we show that the use of a standard (i.e. age independent) TIR/UV vs. A{UV) 
relation leads to a systematic overestimate up to 2 magnitudes of the amount of UV 
dust attenuation suffered by objects with low SSFR and in particular Hl-deficient star 
forming cluster galaxies. This result points out that the age independent TIR/UV 
vs. A{UV) relation cannot be used to study the UV properties of large samples of 
galaxies including low star-forming systems and passive spirals. Therefore we give 
some simple empirical relations from which the UV attenuation can be estimated 
taking into account its dependence on the age of the stellar populations, providing a 
less biased view of UV properties of galaxies. 

Key words: galaxies:general-galaxies:fundamental parameters-galaxies: evolution- 
ultraviolet : galaxies 



1 INTRODUCTION 



The use of ultraviolet emission to shed light on the evolu- 
tionary history of galaxies is not straightforward. The pres- 
ence of dust in galaxies represents one of the major obstacles 
complicating a direct quantification of the star formation ac- 
tivity in local and high redshift galaxies. Absorption by dust 
grains reddens the spectra at short wavelengths completely 
modifying the spectral energy distribution of galaxies. Since 
the UV radiation is preferentially emitted by young stars 
that are generally more affected by attenuation from sur- 
rounding dust clouds than older stellar populations, rest- 
frame UV observations can lead to incomplete and/or bi- 
ased reconstructions of the star formation activity and star 
formation history of galaxies affected by dust absorption, 
unless proper corrections are applied. 

Radiative transfer models suggest t hat the total-IR (TIR) 
to UV luminosity ratio rn e thod (i.e. lBuat|[l993 : IXu fc Buad 
1 19951 : iMeurer et all 1 19951 , 1 19991 ) is the most reliable esti- 
mator of the dust attenuation in star-forming galaxies be- 
cause it is almost completely independent of the extinc- 



tion mechanisms (i. e. dust/star g eometry, extinction law , 
seelBuat fc Xu 199d:lMeurer et al.lil999 ; G ordon et al.ll2000l : 
I Witt fc Gordonll2000l ). This method is based on the assump- 
tion that a fraction of photons emitted by newly formed 
young stars are absorbed by the dust. The dust heats up 
and subsequently re-emits the energy in the mid- and far- 
infrared. The amount of UV attenuation can thus be quan- 
tified by means of an energy balance. The reliability of 
this method has also made the TIR/UV ratio ideal to cal- 
ibrate empirical methods to correct for dust attenuation 
when far-infrared observations are not available, lik e the well 
known TIR/UV - (3 relation l|Meurer et al.lll999l . where (3 
is the slope of the UV continuum spectrum in the range 
1300< A <2600 A). 

Although almost independent from dust-geometry and ex- 
tinction law, the TIR/UV ratio method unfortunately de- 
pends on the age of the underlying stellar populations. In 
systems with low specific star formation rate (SSFR) the 
dust heating by old stars becomes important, and only a 
fraction of the dust emission is related to the ultraviolet ab- 
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sorpt ion l|Gordon et al.ll2000l : iKong et al.ll2004l : iBuat et all 
[200I). 

In the past this age effect has been generally considered 
negligible since UV observations were available only for ac- 
tive star-forming systems for which the TIR/UV vs. A{UV) 
can be assume d to be independent from the star formatio n 
history (SFH, [Gordon et al] I2OO0I : IWitt fc Gordoiil l200d ). 
However a fter the launch of th e Galaxy Evolution Explorer 
(GALEX, iMartin et al] Hooi) this may not be the case 
any more. GALEX is delivering to the community an un- 
precedented amount of UV data on local and high red- 
shift galaxies covering the whole range of morphologies and 
star formation histories: from starbursts, to pass iv e spi- 
rals and elliptical galaxies (e.g. Boselli et al.ll2005al lbl I2OO6I : 
iGil de Paz et al.ll2007l : fPonas et al.ll2007l ). 

Can we extend the use of the standard method (cali- 
brated on active star forming galaxies and starbursts) to 
correct for dust attenuation to the thousands of galaxies de- 



undertaken to address these issues (i.e. IKoue et al. 2004: 


Burgarella et all 20051: Cortese et all 20061: 


Gil de Paz et al.l 


2007: Panuzzo et al. 20071: Dale et al.l 2007 


). However more 



attention has been always given to the TIR/U V vs. /3 rela- 
tion t han to the TIR/UV vs. A{UV) relation. iKong et al] 
l|2004l) suggested that quiescent galaxies deviate from the 
TIR/UV — P relation of starburst galaxies, because they 
tend to have redder ultraviolet spectra at fixed TIR/UV 
ratio. They interpreted the different behavior of starbursts 
and normal galaxies as due to a difference in the star forma- 
tion histories, proposing that the offset from the starburst 
TIR/UV — P relation can be pred icted using the birthrate 
parameter b jKennicutt et al ] | 19941 : i.e. the ratio of the cur- 
rent to the mean past star formation activity). 

In this work we use a different approach, investigating 
the dependence of the TIR/UV vs. A{UV) relation on the 
galaxy star formation history, to quantify the infiuence of 
the age- independent correction on the interpretation of UV 
observations. We will adopt a very simple dust geometry 
model and extinction law to show that the use of standard 
(i.e. age independent) methods can strongly bias our inter- 
pretation of UV properties of local and high redshift galax- 
ies. The main goal of this paper is to provide the commu- 
nity with some new empirical relations based on observable 
quantities suitable for deriving dust attenuation corrections 
taking into account the age effect. More detailed geometries 



(e.g. Buat & Xulll996l: Silva et al.l 1998 


: Bianchi et al.l 


200c 


Chariot & Fall 200GI: Witt & Gordon 


200GI: Calzettil 


2001 


Panuzzo et al.ll2003l: IPiovan et al.ll2006 


). However, since our 



results do not depend on the geometry or extinction law 
adopted (as shown in Appendix A), we decided to adopt a 
very simple approach in order to make our recipes useful for 
the widest possible range of astrophysical applications. 

In Section 2 we present our model and discuss the vari- 
ation of the TIR/FUV vs. A{FUV) relation with the age 
of the underlying stellar population. In Section 3 we apply 
our model to a sample of nearby field and cluster galaxies 
and in Section 4 we use this sample to test new empirical 
recipes to determine A{FUV). Additional applications of 
these techniques are discussed in Section 5. 



2 THE MODEL 

In order to investigate the correlation between the UV dust 
attenuation A{UV) and the TIR/UV ratio for different stel- 
lar populations we used a library of spectral energy dis- 
tributions (SEDs) obtained u sing the Bruzual fc Ch ariot 
populatio n synthes i s mod els ([Bruzual fc Charlotll2003l ). We 
adopted a lSalpeteil (| 19551 ) initial mass function (IMF) and a 
star for mation history ( SFH) 'a la Sandage' in the formalism 
used bv lCavazzi et al.l l|2002l '): 



SFR{t,T)^ — xeM~^: 



(1) 



where SFR is the star formation rate per unit mass, t is 
the age of the galaxy (we assumed t=13 Gyr at the present 
epoch) and r is the time at which the star formation rate 
reaches the highest value over the whole galaxy history: 
short r correspond to galaxies dominated by old stellar pop- 
ulations while long r correspond to young (i.e. star forming) 
galaxies. We investigated a range of r between 0.1 and 25 
Gyr, with steps of 0.2 Gyr for 0.1< r <10 Gyr and 0.5 Gyr 
for r >10 Gyr and metallicities in the range 0.02^ Z ^2.5 
Zq in five steps: 0.02, 0.2, 0.4, 1, and 2.5 Zq. The library ob- 
tained is able t o reproduce all the S EDs typically observed in 
local galaxies (jGavazzi et al.ll2002l ) and it is only a function 
of 70. Similar libraries can be obtained assuming different 
SFH (e.g. exponential SFH, see Appendix A). 
Each synthetic SED in our library has been reddened us- 
ing different values of A{FUV) in the range 0< A{FUV) < 
4 mag, the typ ical range observe d in normal star- f o rming 
galaxies (e.g iBuat et all I2OO2I : ICil de Paz et al.l l2007l : 
iBoissier et al.l[2007l ). Higher UV attenuations are normally 
associated with strong starbursts and highly obscured ob- 
jects which are outside the goal of the present work. For 
each A{FUV), A{X) (the attenuation at each A) has been 
derived ass uming a L arge Magellanic Cloud (LMC) extinc- 
tion curve (jPeill 19921 ): 



fc(A) = < 



1.962 X (A-i) - 0.55 

-375.91 + 231.23 x (A^i)- 
-46.204 X (A-2) + 3.0721 x (A-^*) 



if A-l <4.2 fim- 

if (A-i >4.2 fim 
A^^ <5.5 fim^^ 



1.694 X (A-i) - 0.20 if A-i >5.5 Atm- 

and a simple s andwich model for dust geometry 
(|BoseUi et al.ll2003l ), where a thin layer of dust of thickness 
^ is embedded in a thick layer of stars: 



A{X) = -2.5 ■ log 
C(A) 



C(A) 



f _|_ g-Tdust(^)-soc(i)\ _j_ 



+ 



Tdu3t{X) ■ sec(j) 



-Tdu3tW-BCc(i)\ 



[mag] (3) 



where i is the galaxy inclination, rdust(A) is the optical depth 
and the dust to st ars scale height ra tio ("(A) depends on A 
(in units of A) as ijBoselU et aljl2003l ): 



C(A) = 1.0867-5.501 x lO"'^ x A 



(4) 



^ Throughout the paper, r will be only used to indicate the shape 
of the SED and it must not be adopted to quantify the real age 
of the stellar populations. 
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In the case of the FUV band (A ~ 1530 A) C ~ 1- In this 
case Ttjust(FUV) can be derived by inverting Eq. [3] 

TdustiFW) = [l/sec(i)] ■ (0.0259 + 1.2002 x A(FUV) + 1.5543x 

X A{F\]Vf - 0.7409 x ^(FUV)^ + 0.2246 x A(FUV)'') 

Using the LMC extinction law fc(A), we then derive: 



TdustW = TaustiFUV) ■ fc(A)/fc(FUV) 



(6) 



and compute the complete set of A{\) using Eq|31 In order to 
simplify the calculations in the following we assume i=0. We 
adopted the LMC extinction law as a compromise between 
a Milky Way extinction law, with a strong bump at 2175 A, 
and the Small Magellanic Cloud, with almost no bump at 
~2000 A. Recent analysis have also pointed out that a LMC 
extinction law can reproduce GAL EX observations better 
than a MW or S MC extinction law (jBurgarella et alllioosl : 
Ilnoue et al.ll2006l ) 

The reddened SED is then subtracted from the origi- 
nal dust- free SED, providing (once integrated over all wave- 
lengths) the amount of energy absorbed by dust which, as- 
suming an energetic balance, corresponds to the total in- 
frared radiation (TIR) emitted by the galaxy. Finally, by 
convolving the reddened SED with the GALEX-FUV filter 
we estimated the FUV flux and the TIR/ FUV ratio for each 
model. The relations between A{FUV) and TIR/FUV so 
obtained for different values of r and stellar metallicity are 
shown in Fig[T] 

The mean age of the stellar populations plays a 
crucial role in the TIR/FUV vs A{FUV) relation, 
as already pointed out by several t heoretical (e.g. 
Buat fc Xulll996l: iBuat fc Burgarellalll998l: IWitt fc GordonI 



ICordon et all l2000l : iKoni:^ et al.l 12004 iBuat et al 



and o bservational (e.g. SauvaEO & Thuai 
Walterbos fc Greenawalt 1996: Popcscu & Tuffs 200 



arj 

m 



19921 : 



stud- 



ies: for the same TIR/FUV ratio active star forming galax- 
ies (r ^7 Gyr) are more attenuated than objects with low 
SSFR (r ~ 4-5 Gyr) or quiescent galaxies (r ~ 2 Gyr). On 
comparison, we find a very weak dependence (<0.1 mag) 
of the TIR/FUV vs. A{FUV) on stellar metallicity (see 
FigdJ • In Table [1] we provide the best polynomial fit (av- 
eraged over the whole metallicity range considered) to the 
A{FUV) and TIR/FUV for different values of r. 

The origin of the age effect is clearly visible in Fig[2] 
where we compare the amount of the energy absorbed by 
dust at long (A > 4000A) and short (A < 4000A) wave- 
lengths for different values of r. For r ^ 5 Gyr the high- 
energy photons (mainly UV) contribute to less than the 50% 
of the total energy absorbed by dust and the far infrared 
emission is mainly due to the re-emission of the stellar radi- 
ation emitted by intermediate age stars in the optical. Only 
for T ^ 6 — 7 Gyr the UV radiation dominates the dust 
heating, contributing more than the 75% of the whole en- 
ergy absorbed and re-emitted in the far infrared. This also 
implies that the far-infrared radiation is not always a good 
star formation indicator. 

We remark that our results do not strongly depend on 
the parameters adopted in our model (e.g. dust geome- 
try, attenuation law). The variation in the TIR/FUV vs. 
A{FUV) relations when different attenuation laws are con- 
sidered is ^0.2 mag, as discussed in Appendix A. This is 
confirmed by the good agreement between our model and 



the one of iBuat et all (|2005l ') (black dotted line in FigHJ 
in the case of strong star forming systems and starburst 
galaxies (r Js8 Gyr). Our results are also independent of 
the shape of the adopted SFH and galaxy age. In fact 
t^) TIR/FUV vs. A{FUV) relation mainly depends on 
the specific star-formation and, for the same specific star 
formation activity, it is not strongly affected by the real 
shape of the past SFH (see Appendix A). Moreover, in Fig[l] 
we show the TIR /FUV vs. A{FUV) relation proposed by 
iKong et al.l l|2004h (empty pentagons) for a birthrate param- 
eter 6 ~0.06 (the lowest birthrate parameter considered in 
their model, corresponding to r ~4.1 Gyr in our formalism) . 
The level of agreement (~0.2 mag) between iKong et al.l 
(.20041) and our model is quite comforting, considering that 
the lKong et al.1 l|2004l ) model is based on different SFH (i.e. 
exponential-|-bursty model) and geometry (i.e. the time- 
dependent scenario pro posed bylch arlot & FaU (200®). 
As already discussed bv I Gordon et al.l (|2000l ). the flux ratio 
method would not be applicable in the case of an embed- 
ded starburst in a galaxy with a second older, less embedded 
stellar population. At UV and IR wavelengths, the starburst 
would dominate, but at optical and near-IR wavelengths the 
older population would dominate. However, at least for spi- 
ral galaxies in the local Unive rse this seems not to be the case 
llglesias-Paramo et al.ll2004l ) and smooth SFH like an 'a la 
Sanda ge' and an e xponential well reproduce the observations 
fe.g. iBoseUi et al.il200ll: iGavazzi et aLll2002l : iHeavens et"aLl 
l2004l : |Panter et aLll2007h . We therefore conclude that our re- 
sults are model-independent within 0.2 mag (see Appendix 
A). 



3 APPLICATION TO NORMAL 
STAR-FORMING GALAXIES. 

In order to quantify the impact of the age effect on the 
estimate of the UV attenuation, we computed A{FUV) for 
a sample of spiral galaxies and compared our estimate with 
the one obtained using the standard relation calibrated on 
active star-forming galaxies (e.g. r ^8 Gyr, FUV — H ^4 
mag, h >0.5). 

3.1 The data 

The sample here adopted is an extension o f the optically se- 
lected sample described in lCortese et al.l (|2006l ) . composed 
by late-type galaxies (later than SOa) including giant and 
dwarf systems extracted fr om the Virgo Cluster Catalogue 
VCC. iBinggeh et al.|[l985l ) and from the CGCG catalogue 



Zwickv et al.lll961l ). The data include galaxies in the Virgo, 
Abelll367 and Abell262 clusters and part of the Coma- 
A1367 supercluster (including cluster and fleld galaxies) ob- 
served as part of the All-sky Imaging Survey (AIS) and of 
the Nearby Galaxy Survey (NGS) carried out by GALEX 
in two UV bands: FUV (Aos = 1530A, AA = 400A) and 
NUV (Aoff = 2310A, AA = lOOOA). We include in our anal- 
ysis only late-type galaxies detected in both NUV and FUV 
GALEX bands and in both 60 /xm and 100 IRAS bands: 
191 galaxies in total (~70% in high density environments). 
UV and far-infrared data have been combined with multi- 
frequency data_avajIaWe^_riw and near-IR H 
imagmg (jCavazzi et al.ll2000l : iBoseUi et al.ll2003l ), most of 
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which are avai l able f rom the GOLDMine galaxy database 
l|Gavazzi et alj r2003h (http://goldmine.mib.infn.it). Data 
from UV to near-IR have been corrected for Galactic ex- 
tinction according to lBurstein fc HeilesI l|l982l ). 
We assume a distance of 17 Mpc for the members of Virgo 
Cluster A, 22 Mpc for Virgo Cluster B, and 32 M pc for 
objects in the M and W clouds (jCavazzi et al.|[l999l ). Mem- 
bers of the Cancer, A1367, and Coma clusters are assumed 
to lie at distances of 65.2, 91.3, and 96 Mpc, respectively. 
Isolated galaxies in the Coma supercluster are assumed at 
their redshift distance, adopting Ho = 75 km s^^ Mpc~^. 

3.2 SED fitting technique 

The FUV attenuation of each galaxy in our sample has 
been computed using the following SED fitting procedure, 
implemented into the Galax y Observed Simulated SED In- 
terac tive Program (GOSSIP. lFranzettill2005l : lFranzetti et all 
I2OO8I ). In order to take into account the age effect we red- 
dened each synthetic SED and fit them to the observed 
FUV-to-near-infrared SED obtained using all the available 
photometric magnitudes. 

In details, for each galaxy we compute the observed 
TIR/FUV ratio using IRAS and GALEX observations. The 
TIR fl ux emitted i n the range 1-1000 /xm, is obtained fol- 
lowing |DaieelaL| (|200ll ): 

iogifriR) = log(/F/fl) + 0.2738 - 0.0282 x log(^) + 

.two 

-F0.7281 X log(^)^ + 0.6208 x log(^)^ -f 
/loo 7100 

+0.9118 X log(^)'' (7) 

/lOO 

where fpiR is the far-infr ared flux, defin ed as the flux be- 
tween 42 and 122 fim ( Helou et aLliigS^ I: 

fpiR = 1.26 X (2.58 X /60 + /loo) x 10"" [Wm"^] (8) 

and /so and /loo are the IRAS flux densities measured at 60 
and 100 fim (in Jansky). Using the relations presented in the 
previous section, we then convert the observed TIR/FUV 
ratio into A[FUV) for each value of r and Z considered in 
our model and determine A{X) as described in Sec[51 Each 
iBruzual fc CharlotI l|2003l ) SED is then reddened with the 
A{\) obtained following this procedure and fitted to the ob- 
served (i.e. not corrected for internal extinction) SED, us- 
ing a fitting tech nique similar to the one described in 
iGavazzi et al.l (|2002l ) and assuming a conservative photo- 
metric error of 0.15 mag for each band. 

For each galaxy, the value of determines the weight 
of a given model (as exp(— x^/2)) and a probability dis- 
tribution function (PDF) for r can be build by combining 
weights for each model. We then normalize the final PDFs 
and use the peak value (i.e. the most probable one) as the 
best estimate of r and the range of r containing 68.2% of 
the PDF's area (equivalent to the use of constant con- 
tours) as estimate of the 1 a error. The SED fitting provides 
not only the best value of r but also the right estimate of 
A{FUV) and its uncertainty. The combined use of the ob- 
served TIR/FUV ratio for each galaxy and of the relations 
presented in the previous Section makes this method ideal 
to estimate the UV attenuation for a wide range of morpho- 
logical types and star formation histories. 



3.3 The impact of the SFH on the estimate of 

A{FUV). 

The difference between the FUV attenuation obtained with 
the SED fitting technique {A{FUV)sed) and the one 
obtained by blindly applying a constant conversion cali- 
brated on star forming galaxies and starbursts (t ^8 Gyr, 
A(FU V)sB consistent with the one presented bv lBuat et al.l 
l2005h is show in Fig[3]as a function of r (for clarity only the 
errors on A (FUV) are shown). As already shown in Fig[T] for 
low values of r the standard conversion overestimate the UV 
dust attenuation: in particular for ~ 30% (59/191 galaxies) 
of our sample the use of a constant TIR/FUV vs. A{FUV) 
relation leads to an overestimate of more than 0.5 mag of 
the UV attenuation and for ~16% this systematic error ex- 
ceeds 1 mag. In order to investigate the properties of the 
most deviating objects in Figj3] we divide our sample ac- 
cording to their Hl-deficiencjo: a value of HI — DEF = 
0.4 has been used to separate healthy (blue circles) from 
Hl-deficient star forming spirals (red triangles) . Hl-deficient 
spirals are among the most deviating objects in Fig|3] consis- 
tent with the fact that gas deficient objects have normally 
a SSFR significantly lower than that expected from their 
luminosity (Boselli et al. 2001). However also some healthy 
spirals show a significant offset from the age independent 
TIR/FUV vs. A(FUV) relation. These are massive early 
type spirals with low SSFR, s imilar to M31 in the Local 
Group (i.e. FUV - ~7 mag. lCU de Paz et al.|[2007l ). 
The TIR/FUV ratio cannot thus be considered as a good 
proxy of the UV attenuation for sample of galaxies span- 
ning a wide range of SSFR, in particu lar in clusters, and 
relations like theT IR/UV - P relation l|Meurer et al.lll999l : 
iKong et al.l l2004h cannot be blindly used to determine 
A{FUV). This is shown in Fig. |3] where we compare the 
A{FUV) vs. P relation obtained from our SED fitting tech- 
nique (filled symbols) with the one obtained when A[FUV) 
is computed using the A{FUV) vs. TIR/FUV relation for 
strong star forming galaxies (empty symbols). The (3 param- 
eter has been comp uted from the FUV-NUV colour following 
iKonget al.ll2003 ): (i=2.2Qlx{FUV - NUV)-l.9,M. Galax- 
ies with (3 > -0.2 {FUV - NUV >0.75) are mainly Hl- 
deficient galaxies and have a FUV dust attenuation ~2 mag 
lower than the one obtained using the standard A{FUV)— P 
relation: a difference significantly larger than the typical er- 
ror on the estimate of A(FUV) (^0.5 mag) by our fitting 
technique. The systematic errors introduced in the data 
is similar when the TIR/FUV ratio is not available and 
A(FUV) is determined using empirical metho ds based on 
the F UV —NUV colour like the one proposed bv lSalim et al.l 
(|2007l ). and once again calibrated on strong star forming 
galaxies (solid and dashed line in Fig|3}: for /3 >-0.2, a 
UV attenuation in the range 2.99< A{FUV) <3.32 mag 
is predicted, whereas our method gives an average value of 
A{FUV) ~ 1 mag. This is mainly due to the fact that in 
low star forming systems the UV spectral slope is strongly 
contaminated by the old stellar populations, whose contri- 

The HI deficiency is defined as the difference, in logarithmic 
units, between the observed HI mass and the value expected from 
an isolated galaxy with the same morphological type T and op- 
tical linear diameter D: HI-DEF = < log A% / (T°''^ D"^^ ) > 
-logM'^l jHavnes fc GiovanellilHosl) 
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bution increases the value of /9 even if the FUV attenuation 
is low. This result is consistent with the recent analysis of 
a sample of -^100 galaxies selected from SDSS presented 
by I Johnson et all (j2007a,b), who found that a large fraction 
of galaxies having red FUV — NUV colours is also char- 
acterized by large 4000 A break (_D(4000)), suggesting that 
part of the dust heating comes from old stellar populations 
and not from extremely obscured star forming regions. We 
can therefore conclude that the TIR/UV — P relation can 
be blindly used to estimate A{FUV) only for (3 < —0.2 
[FUV -NUV <0.75). 



4 OPTIMIZED A{FUV) DETERMINATION: 
RECOMMENDED METHODS. 

It clearly appears that a correct estimate of the UV atten- 
uation requires information about the shape of the galaxy 
SED. A SED fitting technique like the one here described 
represents therefore the best method available to quantify 
A{FUV) and properly correct UV observations. Unfortu- 
nately SED fitting is only possible when large multiwave- 
length data sets are available, which is not always the case. 
For this reason we investigated the possibility to derive dif- 
ferent techniques which can be used to estimate A(FUV) 
when SED fitting is not possible. Ideally, these techniques 
will have a small rms and not display the systematic shift 
relative to the galaxy age observed in Fig|31 

The crucial step is to find a good proxy for r (and there- 
fore the shape of the SED). This is particularly important 
for r < 6-7 Gyr where the TIR/FUV vs. A{FUV) relation 
strongly depends on the age of the stellar populations. The 
first natural choice is to look for a colour with the largest 
possible dynamical range, sensitive to small changes in the 
shape of the SED (jCavazzi et al.ll2002l ). Therefore in FigO 
we plot the distribution of r for our sample as a function 
of the observed (i.e. not corrected for internal extinction) 
FUV — H colour. For r >7 Gyr the two variables are not cor- 
related and galaxies show approximately the same FUV — H 
colour independently from the value of r, reflecting the large 
error on the estimate of r. This is as expected since in young 
stellar populations (r >7 Gyr) the variations in the observed 
FUV — H axe mainly due to dust attenuation and not to 
age. However for r ^7 Gyr (i.e. the range in which we are 
interested) the FUV — H is a very good proxy for r (Pear- 
son correlation coefficient r ^ —0.91). A simple lest-square 
fitting gives us: 



log(r) 



-0.068 X (FUV ~H) + 1.13 



(9) 



which can be used to estimate r from the FUV — H 
colour. The dispersion on this relation varies quite remark- 
ably with the colour. We therefore determine the typical 
dispersion within 0.5 mag wide FUV-H bins by combining 
the r's PDF for each galaxy in the bin and estimating 
the 1(7 error as described in the previous section. The 
dispersion in the relation (indicated by the shaded area 
in FigO is A{log{r)) ~ 0.12 - 0.15 for 6< FUV - H <9 
mag, increasing significantly (up to A{log{T)) ~1) for 
redder or bluer colours. Similar relations are found when 
we consider different far-ultraviolet-optical colours and are 
presented in Table (2] We therefore propose two different 
ways to determine A{FUV) depending on whether or not 



far infrared observations are availabl^f]. In Appendix B we 
also provide similar recipes in order to determine A{NUV) 
in the case FUV observations are not available. 

i) Far-infrared observations are available. De- 
termine the observed TIR/FUV ratio and use one of the 
relations presented in Table [2] to determine r. Finally use 
the value of r so obtained to choose the conversion between 
the TIR/FUV ratio and A{FUV) from the relations 
provided in Table [1] As discussed above we suggest using 
the colour covering the widest possible dynamical range, 
i.e. first choice FUV — H , last choice FUV — g. The error 
on the estimate of the FUV dust attenuation {a{A{FUV))) 
obtained with this method depends on the observational 
errors on the FUV-optical/near-infrared colour and on the 
intrinsic dispersion of the colour-r relation adopted. In 
order to estimate a{A{FUV)), for each galaxy in our sample 
we generated 1000 random galaxies having FUV — H colour 
following a gaussian distribution centered on the observed 
colour with a=0.2 mag (more accurate estimate of the 
FUV — H colour would correspond to a lower uncertainty 
on A{FUV)). For each FUV - H colour the r's PDF are 
used to random generate the correspondent value of tQ and 
then the final value of A{FUV) by applying the relations 
in Table (2] In Fig[6] (upper panel) we compare this method 
with the SED fitting technique. The shaded area indicates 
the 1 o error on the estimate of A{FUV). As expected, the 
error on the estimate of A{FUV) varies significantly with 
r: from — h0.1/-0.25 mag for r ^6 Gyr {FUV-H <5 mag) 
to a maximum of -I-0.4/-0.8 mag for 3.5 ^ r 4.5 Gyr 
(7< FUV — H <8.5 mag). Even if the uncertainty for low r 
is quite large (due to the large variation of the TIR/FUV 
vs. A{FUV) relation with r), it is clear that our empirical 
method is able to remove the systematic overestimate 
of A{FUV) when the age independent TIR/FUV vs. 
A{FUV) conversion is used (filled symbols in Fig|6|. 

ii) Far-infrared observations are not available. 

In this case the first step is to find a way to estimate 
the TIR/FUV ratio from the available observations. Re- 
cently various methods have been pro posed based on the 
use of the FUV - NUV colour (or /3, ISeibert et al.ll2005l: 
Cortese et all l2006l : iBoissier et al] |2007[ : iGil de Paz et all 
20071 ), H-band lumi nosity (Cortese et al.' '20061), gas metal 



licity (|Cortese et al.ii2006; .Boi ssier et al. 2007), effective sur - 
face brightness I Cortese et al.l [20061 : 1 Johnson et all l2007al) , 
-D(4000) or optical and ultraviol et colours ( Burgarella et al.l 
l2005l : |johnson et al.ll2006l , l2007al ). Once the TIR/FUV ratio 
has been determined it is possible to proceed as described 
above: i.e. estimate r from an ultraviolet-optical/near in- 
frared colour (see Table [2]) and than convert TIR/FUV in 
A{FUV) using the proper relation in Table [T] 

To test this second method we e stimate the TIR/FU V 
ratio from the FUV - NUV colour (|Cortese et al.ll2006r ): 



^ A detailed guide to the recipes pre- 
sented in this paper can also be found at 
http: / /www. astro. cf.ac.uk/pub/Luca.Cortese/UVattenuation.h tmI I 



This step is included in order to take into account the intrinsic 
dispersion of the FUV — H vs t relation in the estimate of t. 
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log( 



TIR , 
FUV 



0.7 X (2.201 X FUV - NUV ■ 
if (FUV - NUV ^0.9) 



1.804) + 1.3 



(10) 



1.424 

if (FUV ■ 



NUV >0.9) 



and then determine r from the FUV — H colour. The typical 
uncertainty in this method has been computed following 
the same procedure described in the previous point. Also 
in this case our recipe is able to remove the systematic 
overestimate on A{FUV). This is clearly evident in Fig|6] 
(lower panel) where our method is compared with the age 
independ ent method based on the FUV — NUV colour pro- 
posed bv lSalim et al] (|2007l ) . Unfortunately the uncertainty 
on the determination of A{FUV) considerably increases 
to ~+0.5/-0.7 mag for r ^6 Gyr {FUV - H <5 mag) 
reaching a maximum of ~+l/-1.2 mag for 3.5 ^ r 5C 4.5 
Gyr (7< FUV - H <8.5 mag) when the total infrared 
luminosity is estimated from empirical relat ions involving 
colour s or luminosities. As discussed by ICortese et al.l 
l|2006t ) this is mainly due to the intrinsic scatter in the 
empirical relation used to determine the TIR/ FUV ratio. 

In the very unlikely scenario in which there is no sufficient 
data to estimate the TIR/ FUV ratio and/or r as described 
above, the only possibility is to use the morphological type 
to obtain a rough estimate of A[FUV). In Table [3] we give 
the average value and standard deviation of A[FUV) ob- 
tained for our sample in bins of morphological type. For our 
sample this method provides an estimate of A(FUV) with 
an average error of ^--^0.7 mag. However we recommend to 
apply this technique only when accurate an morphological 
classification is available (i.e. the local Universe), otherwise 
the error on A{FUV) will be considerably larger than the 
one obtained for our sample. 



has a tru ncated Ha and HI r adial profile (at a radius of 
^ 5 kpc, Cayatte et al.l 1 19941 : iKoopmann fc KennevI |2004| : 
iBoselli et al.l |2006| ) and shows significant colour gradients 
with star formation activity only in the central 5 kpc. There- 
fore, given its significant age gradients, the contribution of 
UV photons to the dust heating probably varies with the 
distance from the galaxy center, making this object ideal 
to compare with our reci pes with age ind ependent tech- 
niques. As described in IBoselli et al.l (|2006| ) we determined 
the TIR/ FUV ratio profile combining GALEX-FUV image 
and Spitzer 24, 70, and 160 /xm radial profiles. Then, we 
use the observed FUV — H colour profile to estimate r at 
each radius, determining which TIR/ FUV vs. A{FUV) re- 
lation to use at each radius. The A{FUV) profile so obtained 
is shown in Fig[7] (left panel, empty circles) and compared 
to the one estimated using the age independent TIR/FUV 
vs. A{FUV) conversion (Bua t et al. 200S). As expected, our 
method gives a FUV attenuation ^1.5 mag lower than the 
standard conversion implying a factor ~4 difference in the 
SFR surface density profile obtained from the FUV pro- 
file (Fig[71 right panel). The results obtained with our tech- 
nique are supported by the very good agreement with the 
SFR density profile independently obtained from the Ha 
line (corrected for extinction using Balmer decrement; Fig. [7] 
right panel, empty triangles). In fact only a recent (< 10^ yr) 
starburst ~100 times stronger than the normal star forma- 
tion rate in NGC 4569 could reconcile the difference between 
the SFR obtained from the Hq and from the FUV corre cted 
with the standard methods l|lglesias-Paramo et al ]|2004l): an 
extrem ely unlikely scenario as discussed by IVollmer et al.l 
(2004) and Bo selh et al.l ('2006'). 

This exercise shows the crucial importance of the age depen- 
dent TIR/FUV vs A{FUV) relations in the panchromatic 
study of resolved galaxies. 



5 IMPLICATIONS ON THE STUDY OF UV 
PROPERTIES OF GALAXIES. 

The simple recipes presented here have the widest scientific 
application possible, requiring only an UV and UV-optical 
colour. In order to show their real power, in the following 
we will discuss two different applications of these methods 
to the study of the UV properties of nearby galaxies and 
compare them with the age independent techniques usually 
adopted. 



5.1 Star formation density profiles of resolved 
galaxies 

The age effect on the TIR/FUV vs. A(FUV) relation 
is particularly important in panchromatic studi es of re- 
solved galaxies (Boissior et al. 2 004, 2007; Calz etti et al.l 
I2OO5I : Ipjrez-Gonzalez etH] I2OO6I ) since in different regions 
the dust can be hea ted up by different stellar populations 
l|Calzetti et al.ll2005h . 

We test our method on the nearby spiral galaxy NGC 4569 
(M90), the bright est spiral galaxy in the Virgo cluster re- 
cently studied by iBoselli et al.1 (2OO6I ). NGC 4569 can be 
considered as the prototype of HI deficient galaxy hav- 
ing only about one-tenth of the atomic gas of a compa- 
rable field galaxy of similar type and size. This galaxy 



5.2 The UV-optical colour magnitude relation of 
large samples of galaxies. 

The need of empirical methods to correct for dust atten- 
uation is particular important for the study of UV prop- 
erties of large samples of galaxies lacking far-infrared rest- 
frame data. Of particular importance for our understand- 
ing of galaxy evolution is the correct interpretation of the 
UV-optica l colour magn it ude ( C M) relation, as recently dis - 
cuss ed by IWvder et all l|2007l '). (|Schiminovich et al.l |2007| ) 



and iMartin et al.l (120071 ). It is very difficult to use a sin- 
gle correction technique able to deal simultaneously with 
starbursts, low SSFR objects and elliptical galaxies. Of par- 
ticular importance is the correct estimate of A{FUV) for 
transition objects: galaxies with low SSFR for which the 
standard corrections calibrated on active star forming sys- 
tems are likely to be not valid. In order to quantify the 
infiuence of the age effect on our interpretation of the UV- 
optical colour magnitude relation we compare our method 
with the age independent recipes using a sample of galax- 
ies extracted from GALEX observations of the Coma clus- 
ter region (Gl-Cycle 1, Cortese et al., in preparation). This 
sample includes all galaxies detected in both FUV and NUV 
bands as well as with SDSS-DR6 ugriz photometry and with 
spectroscopic redshift data available (833 galaxies). Since 
for this large sample far infrared observations are not avail- 
able, we use the second method described in Sec|4l deter- 
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mining the TIR/FUV ratio from the FUV - NUV colour 
and r from the FUV — i colour. The FUV — r colour-r 
magnitude relation obtained is compared with the observed 
one (i.e. not corrected for internal extinction) in Fig|8] (left 
panel). Whereas galaxies in the blue sequence {FUV — r < 4 
mag) have an average FUV dust attenuation A{FUV) ^^1.5- 
2 mag, galaxies in the red sequence {FUV — r ^6 mag) show 
(as expected) a very low amount of attenuation {A{FUV) ~ 
0.5 mag) and occupy almost the same parameter space as 
uncorrected data. The separation between the red and blue 
sequences is therefore more evident after the correction for 
dust attenuation. We remark that our technique should not 
be blindly applied to elliptical galaxies, since in these ob- 
jects UV emission c omes from old stell ar populations and 
not young stars fe.g. iBoselli et aill2005bl ). However if an ac- 
curate morphological classification is not available the use 
of the recipes presented here does not introduce a strong 
systematic bias in the data, as shown in Fig [S] (left panel). 
This result indicates that our procedures are reliable for 
old as well as young stellar populations, contrary to pre- 
vious empirical methods, c alibrate and va lid only f or active 
star- forming galaxies (e.g. Johnson et al.l f2006: Sal im et al.l 
I2OO7I ). This is clearly evident in Fig|8] (right panel) where 
the CM relation obtained with our recipe is compared with 
the one determined by using the age-independent method 
to convert the FUV - NUV colour into A{FUV) (e.g. 
Ijohnson et al. I I2OO6I : ISalim et al.1 12007| ). The difference be- 
tween the two CM relations is quite impressive: while no 
significative difference is observed in blue-sequence galaxies, 
the red sequence shifts ~2 mag towards bluer colours and 
the gap betwee n the blue and red s equence (i.e. the so-called 
green valley" IWyder et al.ll20"07l : ISchiminovich et ahllioOTl : 
iMartin et al.l |2007| ) is considera bly reduced. A simi lar re- 
sult has been recently shown by IWvder et al] (|2007h when 
comparing the CM relation determined using the Balmer 
decrement as indicator of dust atten uation with the one es - 
timated using the recipes proposed bv l Johnson et al.ll|2006h . 
This result shows how strong the bias can be when blindly 
using the recipes to estimate A{FUV) without taking into 
account the age effect, leading to an incorrect interpretation 
of the data and reconstruction of galaxy's evolution history. 



6 CONCLUSIONS 

We have investigated the dependence of the TIR/FUV vs. 
A{FUV) relation on the average age of galaxy stellar pop- 
ulations. Our simple method has shown that even for spi- 
ral galaxies the use of a standard (i.e. not age dependent) 
conversion of the TIR/FUV into A{FUV) leads to a sys- 
tematic overestimate (i.e. ^1 mag) of the dust attenuation 
in galaxies with low specific star-formation, mainly anemic 
cluster spirals. This systematic bias strongly affects our in- 
terpretation of UV observations and can produce a signif- 
icant overestimate (up to a factor 10) of the star forma- 
tion rate, particularly in HI deficient galaxies. Therefore we 
have developed different methods for determining the UV 
dust attenuation taking into account the age dependence 
of the TIR/FUV vs. A[FUV) relation. These recipes re- 
quire only an UV colour and an UV-optical/near infrared 
colour providing an estimate of the UV attenuation with 
an average uncertainty varying from ~+0.1/-0.25 mag for 



r ^6 Gyr {FUV - H <5 mag) to a maximum of -(-0.4/-0.8 
mag for 3.5 ^ r ^ 4.5 Gyr (7< FUV ~ H <8.5 mag), when 
far-infrared observations are available, and from ~-|-0.5/-0.7 
mag for r ^6 Gyr [FUV — H <5 mag) to a maximum of 
~-f 1/-1.2 mag for 3.5 ^ r < 4.5 Gyr (7< FUV - H <8.5 
mag) when far-infrared data are not available. The small 
amount of multiwavelength data necessary for their appli- 
cation makes these methods extremely useful for the widest 
possible range of application eventually providing us with a 
less biased view of the UV properties of galaxies in the local 
Universe and at higher redshift. 
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APPENDIX A: THE DEPENDENCE OF THE 
TIR/FUV VS A{FUV) RELATION ON 
EXTINCTION LAW, DUST GEOMETRY AND 
STAR FORMATION HISTORY. 

Are the results obtained in this work and the recipes 
proposed to estimate the UV dust attenuation model- 
dependent? In order to answer to this question, in this sec- 
tion we investigate the dependence of our results on the 
three free parameters entering our model: the shape of the 
extinction law, the dust geometry and the star formation 
history. 

In FigH (Left) we show the TIR/FUV vs A{FUV) 
relation obtained for different values t, a Sandwich ge- 
ometry and three different extinction laws: LMC (solid 
line). Milky Way (dotted line) and Small Magellanic Cloud 
(dashed line). As already pointed out by several authors (e.g. 
I Witt fc Gor(to]|2000l : iBuat et aLllioOsI ). the TIR/FUV vs 
A{FUV) relation is almost independent of the extinction 
law with a typical variation limited to ^0.2 mag, consider- 
ably lower than the effect of r on the TIR/FUV vs A{FUV) 
relation. 

Similar results are obtained if we investigate the effect 
of different dust geometries. In Fig|9] (Right) we compare the 
results obtained for the sandwich model (solid line) with a 
simple slab geometry (.Disnev et al.,il989i. dash ed line). We 
also added the results for a Calzetti et al.l(|l994h attenuation 
law (dotted line). Even in this case, we observed no depen- 
dence of the TIR/FUV vs. A{FUV) relation on the dust 
geometry within ^0.2 mag. Similar results are obtained if 
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we use the homoge n eous and clumpy dust models proposed 
bv lWitt fc GordonI l|2000l ) (not shown). 

Finally, we fitted the 191 galaxies in our sample with 
various SED libraries in order to test the dependence of the 
results presented in Sec|3]and Sec|4]from SFH and age. The 
SED library used in Sec[5]has been obtained by fixing the 
shape of the SFH (assumed to be 'a la Sandage'), the age of 
the galaxy (assumed equal to 13 Gyr) and the stellar initial 
mass function (IMF, assumed to be a Salpeter IMF). We 
produced different set of SED libraries varying every time 
one of these three free parameters and we fitted them to 
the data. In particular we considered an exponential SFH, 
a fixe d (t=13 Gyr) or free (in the range 0< t <15 Gyr) age 
and a lChabriej (|TO)3i ) IMF. In FigHOjis presented the differ- 
ence in the estimate of A{FUV) between the library adopted 
in Sec[5]and some of the various combination adopted. For 
each combination the standard deviation in the estimate of 
A{FUV) is lower than 0.1-0.2 mag. This result was some- 
how expected since the TIR/FUV vs. A{FUV) relation is 
only affected by the actual shape of the SED and not by the 
shape of the past (older than 1-2 Gyr) SFH. We remark that 
our results are not applicable only in the case of an embed- 
ded starburst in a galaxy with a second older, less embedded 
stellar population (|Gordon et al.|[200oh . At UV and IR wave- 
lengths, the starburst would dominate, but at optical and 
near-IR wavelengths the older population would dominate. 
However, at least for spiral galaxies in the local Univers e this 
seems not to be the case (llglesias-Paramo et al.l 12004 ) and 
smooth SFH like 'a la San dage' and e xponenti al well repro- 
duce the observations (e.g . iBoselli et al . 2001; Gavazzi et al.l 
l2002l : iHeavens et aLll2004l : iPanter et al.ll2007l ) 

We can therefore conclude that the results obtained 
from our model and the recipes presented in this work are 
model-independent at least within ~0.2 mag. This uncer- 
tainty is still lower or equal to the uncertainty in the esti- 
mate of A{FUV) from our recipes. 



are presented in Table ID In Table [5] are given the relations 
to use to estimate r from the NUV-optical/near- infrared 
colours. Their typical dispersion is consistent with the one 
observed in the FUV-optical/near-infrared colours vs. r 
relations. As discussed in Sec|4] the suggested recipes to 
determine A{NUV) result: 

i) Far-infrared observations are available. Determine 
the observed TIR/NUV ratio and use one of the relations 
presented in Table [S] to determine r. Finally use the value 
of T obtained with this procedure to choose the conversion 
between the TIR/FUV ratio and A{FUV) from the 
relations provided in Table 3] The typical error on the 
estimate of A{NUV) (computed through a Montecarlo 
simulation similar to the one described in Sec. 4) varies 
between ~-|-0.1/-0.2 mag for r ^8 Gyr, to +0.3/-0.7 mag 
for 3.5 ^ r ^ 4.5 Gyr. 

ii) Far-infrared observations are not available. In 

this case the first step is to find a way to determine the 
TIR/NUV from the observations available. Once the 
TIR/NUV ratio has been determined it is sufficient to 
proceed as described in the previous point: i.e. estimate r 
from an ultraviolet-optical/near infrared colour and than 
convert TIR/NUV in A{NUV) using the proper relation 
in Table |4] The typical error on the estimate of A[NUV) 
(computed through a Montecarlo simulation similar to the 
one described in Sec. 4) varies between ~+0.4/-0.6 mag for 
r ^8 Gyr, and to ~+0.9/-l mag for 3.5 ^ r 4.5 Gyr. 

In Table [5] are presented the average value of A{NUV) ob- 
tained for the different morphological types in our sample. 
The morphological type can be used to estimate A[NUV) 
only if the to previous methods can not be applied and an 
accurate morphological classification is available. 



APPENDIX B: RECIPES TO DETERMINE 
A{NUV) WHEN FUV OBSERVATIONS ARE 
NOT AVAILABLE. 

In this Appendix we discuss the possibility to extend 
our recipes to the NUV band in the case that GALEX- 
FUV observations are available. The GALEX-NUV filter 
(Aeff = 2310A, AA = lOOOA) lies in a region where the 
SED of galaxies with r < 4 Gyr is strongly dependent 
on stellar metallicit y for Z > 0.2 Z© (e.g. see Fig. 6 in 
iGavazzi et al]l2002l ). This strongly affects the TIR/NUV 
vs A{NUV) relation which, for low values of r, can vary of 
even 0.4 mag from Z — 0.2 Zq to Z — 0.02 Zq, apparently 
complicating the use of our model directly on the NUV 
band. However for none of the galaxies with r < 4 Gyr 
in our sample the best fitting model has metallicity lower 
than Z = 0.2 Zq, consistent with the fact that in the 
local Universe evo l ved g alaxies tend to be metal rich 
(e.g. iGallazzi et al.l 120051 '). Therefore for r < 4 Gyr we 
compute the average TIR/NUV vs A{NUV) relation by 
combining only the relations obtained in the metallicity 
range 0.02 < Z < 2.5 Zq. This makes our recipes not valid 
for r < 4 Gyr and Z < 0.2 Zq. The average TIR/NUV 
vs. A{NUV) relations for different values of r so obtained 
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log(TIR/FUV) 

Figure 1. The relationship between the TI R/ FUV ratio and the FUV attenuation A{FUV) obtained from our model for different 
values of r. Solid and dashed lines show the relations for stellar metallicity Z=2.5 Zq and Z=0.02 respectively. The dotted black line 
indicates the age independent relation given by Buat et al. (2005). Empty pentagons show the relation proposed by Kong et al. (2004) 
for birthrate parameter b ^^0.06. 
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Figure 2. The importance of the UV emission in the dust heating. The ratio of the energy absorbed by dust at A < 4000A and at 
A > 4000A is shown as a function of t (i.e. the age of the Universe at which the galaxy SFR peaks). 
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Figure 3. The difference between tlie FUV attenuation for active star forming galaxies (t ^ 8 Gyr; consistent with Buat et al. (2005)) 
and the one obtained from our SED fitting technique as a function of r. Circles indicate healthy spirals {HI-DEF<0.4) and triangles 
Hl-deficient star forming objects (HI-DEF^O.4). The distributions of the difference for healthy (solid histogram) and deficient (dashed 
histogram) spirals are shown in the upper-right panel. The unshaded area indicates the range of r on which the standard TI R/ FUV vs. 
A{FUV) relation for star-forming galaxies is usually calibrated. 
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Figure 4. The A{FUV) vs. /3 relation for our optically selected sample. A(FUV) is computed from our SED fitting technique (filled 
symbols) and using the standard recipe for active star forming galaxies (empty symbols) respectively. The solid and dashed lines indicate 
the relations between A{FUV) and FUV - NUV proposed by Salim et al. (2007). Symbols are as in Figl3] 



12 L. Cortese et al. 




FUV-H (mag) 



Figure 5. Relation between the observed (i.e. not corrected for internal extinction) FUV — H colour and r for our sample. The dotted 
line indicates the best linear fit for galaxies having r Gyr. The shaded area indicate the typical dispersion of the data computed in 
FUV-H bins 0.5 mag wide. Symbols are as in Fig[3] 
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Figure 6. Residuals in the estimate of A{FUV) obtained with the different methods described in Sec. 4. The TIR/ FUV ratio is 
estimated using IRAS observations (upper panel) and the FUV — NUV colour (lower panel) respectively. The shaded areas show the 
typical uncertainties in the new recipes presented in this paper, estimated by generating 1000 random galaxies having FUV — H colour 
following a gaussian distribution centered on the observed colour with a=0.2 mag (see Sec. 4 for details). For comparison, the residuals 
obtained when an age independent method is used are indicated by the filled symbols. Symbols are as in Fig|3] 



UV Dust Attenuation in Star-Forming Galaxies II 13 




Figure 7. Left: Comparison between tlie FUV attenuation profile of NGC4569 obtained following the standard TIR/FUV vs. A{FUV) 
conversion (empty circles) and the one obtained using the conversion presented in this work (filled circles). Right: Star formation rate 
density profile for NGC4569. Star formation is obtained from the FUV corrected with the standard TIR/FUV vs. A(FUV) conversion 
llBuat et al.ll2005h (empty circles), with the recipe presented in this work (filled circles) and from the Ha corrected for extinction using 
the Balmer decrement. 
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Figure 8. The FUV — r colour vs. r magnitude relation for galaxies projected on the Coma cluster region. Left: Triangles indicate the 
observed (i.e. not corrected for internal extinction) colour-magnitude relation, while empty circles show the colour-magnitude relation 
after correcting for dust attenuation using the recipes presented in this work. Right: Empty circles are as in the right panel whereas filled 
circles show the colour-magnitude relation obtained using the standard (i.e. age independent) correction. The errors on the estimate of 
the corrected FUV — r for galaxies in the blue, red sequence and in the transition region are indicated by empty squares. The unshaded 
regions indicate the range of observed (i.e. not corrected for internal extinction) colours on which the standard TI R/ FUV vs. A[FUV) 
relation for star-forming galaxies is usually calibrated. 
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Figure 9. The relationship between the TI R/ FUV ratio and the FUV attenuation A(FUV) obtained from our model using different 
extinction laws and geometries. Left Panel: Sandwich geometry with LMC (solid line), Milky Way (dashed) and Small Magellanic 
cloud (dotted line) extinction laws. Right: LMC extinction law with Sandwich (solid line), simple Slab (dotted) geometries and Calzetti 
attenuation law (dashed line). In both panels the dotted black line indicates the age independent relation given by Buat et al. (2005). 




Figure 10. Difference in the estimate of A{FUV) with the SED technique described in Sec|3] (t =13 Gyr, 'a la Sandage' SFH and 
Salpeter IMF) and various combination of SFH (Sandage or exponential), age (variable or fixed to 13 Gyr) and initial mass function 
(IMF, Salpeter or Chabricr). The dashed lines indicates the Icr difference in the estimate of A{FUV). 
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Table 1. Relations to convert the TI R/ FUV ratio in A(FUV) for different values of r and FUV-near-infrared/optical colours. 
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Each value of t has been converted into FUV-near-infrared/optical colours using the relations presented in Table [2] 



Table 2. Linear relations useful to estimate r from observed (i.e. not corrected for dust attenuation) far ultraviolet-near-infrared/optical 
colours (log(r) = a X x -|- 6). These relations have been calibrated in the range 2 ^ t ^ 7 Gyr. 
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Table 3. The average value of A{FUV) for our sample in bins of morphological type. 
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Table 4. Relations to convert the TIR/NUV ratio in A(NUV) for different values of r and NUV-near-infrared/optical colours. 
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Each value of t has been converted into NUV-near-infrared/optical colours using the relations presented in Table [5] 



Table 5. Linear relations useful to estimate r from observed (i.e. not corrected for dust attenuation) near ultraviolet-near-infrared/optical 
colours (log(r) = a X x -|- 6). These relations have been calibrated and are valid only in the range 2 ^ t ^ 7 Gyr 
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Table 6. The average value of A{NUV) for our sample in bins of morphological type. 
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